ABSTRACT. Intraspecific polyploidy and cytogeography were clarified in the samples of Houttuynia cordata (Saururaceae) studied in the Sino-Japanese region of eastern Asia, ranging from Nepal, China, northern Thailand, Taiwan to Japan. Five chromosome numbers of 2n=72, 80, 96, 112 and 128 were detected, four of which were firstly recorded here. These chromosome numbers suggested that the basic chromosome number of Houttuynia could be x=8. The observed cytotypes were evaluated as 2n=72, 80, 96, 112 and 128, and represented 9x, 10x, 12x, 14x, and 16x, respectively. The continental part of east Asia harbored intraspecific polyploidy ranging from 9x to 16x, and only one cytotype of 12x or 2n=96 was found from the eastern edge of the Asian continent between Taiwan and Japan. The evolution of basic chromosome number was discussed based on a phylogenetic tree of the Saururaceae, suggesting that x=11 was an archaic basic chromosome number in this family. Houttuynia may have experienced a disploid reduction from x=11 to x=8, as an autoapomorphy and subsequent intraspecific polyploidization in continental eastern Asia.
Houttuynia Thunb. is monotypic and a member of the Saururaceae together with three other genera of Anemopsis, Gymnotheca and Saururas (The Angiosperm Phylogeny Group [APG II] 2003) . Phylogenetic relationships of these four genera have been reported based on DNA sequence data; however, the phylogenetic position of Houttuynia conflicts in the organelle and nuclear DNA trees (Meng et al. 2002 (Meng et al. , 2003 . Chloroplast (cp) and mitochondrial (mt) DNA sequence data suggest that Houttuynia is sister to Anemopsis, whereas nuclear (n) DNA suggests that Houttuynia is sister to the SaururusGymnotheca clade.
Houttuynia cordata Thunb., only the species in the genus, is a perennial herb mainly distributed in the SinoJapanese region of eastern Asia, ranging from Japan to the Himalayas through the Ryukyu Islands, Taiwan, and China, and extending to southeast Asia. In Japan, the species propagates by formation and separation of underground stems and by parthenogenesis (Shibata and Miyake 1908; Mihara 1960) , whereas reproduction by sexual reproduction has not been reported. The reproductive characteristics of parthenogenetic and microspore degeneration are widely accepted (e.g., Mabberley 1998) . Various chromosome numbers have been reported from the wide distribution of this species: n=48 (Japan, Mihara 1960 ), 2n=24 (Taiwan, Hsu 1968 ), n=52-56 (Japan, Shibata and Miyake 1908 ), 2n=ca. 96 (Japan, Okabe 1934 Nepal, Kurosawa 1966 ), 2n=96 (Japan, Okada 1986 ), and 2n=100-104 (unknown location, Soderberg 1927 ). The long range of H. cordata in the Sino-Japanese region, covering over 5000 km, suggests that migration and intraspecific evolution of H. cordata may have occurred separately in several areas. Intraspecific diversity and geographic structure of chromosome number are expected along the corridor in the Sino-Japanese region.
The basic chromosome number of Houttuynia is controversial, as is the Saururacean chromosome number. The basic chromosome number of Houttuynia is thought to be x=12 (Okada 1986) , while the basic number is x=22 or 11 (2n=44) in Anemopsis, x=9 (2n=18) in Gymnotheca, and x=11 (2n=22) in Saururas. Based on variation in chromosome number within Houttuynia, the basic chromosome number should be redetermined to understand the evolution of chromosome number in the Saururaceae, a paleoherb group, i.e., to determine the plesiomorphic characteristic of chromosome number in this paleoherb family.
Here we present intraspecific polyploidy with new chromosome data in H. cordata collected from Japan, Nepal, Thailand, The People's Republic of China and Taiwan. We examined the presence or absence of chromosome number diversity and discuss its cytogeographical aspects, in addition to discussing chromosome evolution in the Saururaceae by combining our original data and previously published data.
MATERIALS AND METHODS
The localities where H. cordata individuals were collected are shown in Table 1 . Individual plants were collected in the field and cultivated in the greenhouse, Kochi Women's University, Japan. The pretreatment, fixation, and chromosome-staining methods were described elsewhere (Oginuma and Nakata 1988) . Voucher specimens were deposited in the Herbaria of Kyoto University (KYO) and Academia Sinica, Taipei (HAST). The evolutionary trend of basic chromosome number in the Saururaceae was estimated using the ACCTRAN transformation in MacClade version 3.05 (Maddison and Maddison 1992) , based on the Saururacean phylogeny (Meng et al. 2003) .
RESULTS AND DISCUSSION
Somatic chromosome numbers at metaphase in the plants collected in 14 localities were 2n=72, 80, 96, 112 and 128. Those chromosomes showed gradual variation in length, ranging from 0.6-1.6 µm (Figs. 1-8). Houttuynia cordata showed here five different chromosome numbers, four of which were recorded here for the first time. However, the species did not verified and prove the previous counts of 2n=24 (Taiwan, Hsu 1968), n=52-56 (Shibata and Miyake 1908) , and 2n=100-104 (Soderberg 1927) during the course of investigation. Our present data and the previous records such as 2n=96 by Okada (1986) , 2n=ca. 96 by Okabe (1934) and Kurosawa (1966) suggested that the basic chromosome number of Houttuynia could be x=8. Then, the chromosome number of 2n=24 in the plant from Taiwan (Hsu 1968) would be either triploid with x=8, or it may represent an erroneous chromosome count. Although some individuals obtained from the locality of the species studied by Hsu (1968) were re-investigated in the present work to find the chromosome number of 2n=24 counted by Hsu (1968) , they showed always the chromosome number of 2n=96. Thus, based on the basic chromosome number x=8, the observed cytotypes were evaluated as 9x (2n=72), 10x (2n=80), 12x (2n=96), 14x (2n=112) and 16x (2n=128). Cytogeography of Houttuynia Four of the five cytotypes such as 2n=72, 80, 96 and 128 plants occurred in South China, whereas the cytotype of 2n=112 plant was found in Nepal and that of 2n=72 plant was found in north Thailand. The chromosome number of 2n=ca. 96 was reported earlier in Nepal plants (Kurosawa 1966) . The individual with the chromosome number of 2n=96 may be distributed widely throughout the Sino-Japanese region from the Himalayas to Japan down to South China and Taiwan. The continental part of the region harbors intraspecific polyploidy, ranging from 9x to 16x, and the 12x (2n=96) cytotype might have migrated and/or survived on the eastern edge of the Asian continent, between Taiwan and Japan. Recent phylogeographic studies in the Sino-Japanese region suggested that some plant taxa such as Spiraea and Ainsliaea might have allopatrically evolved in the eastern (southeast ChinaTaiwan -Japan) and western (Himalayas -southwest China) sides of the Sino-Japanese region, which is attributable to the Himalayan uplift in the late Tertiary to the early Quaternary (Zhang et al. 2006, Mitsui et al. unpublished) . The present study showed that the eastern side of the Sino-Japanese region harbored only the 12x (2n=96) plant, suggesting that eastern China to Japan through Taiwan comprises a monotypic 12x cytotype. However, our collection sites were insufficient to support this hypothesis, and further cytological observations are needed to clarify the cytogeographical distributions of H. cordata in the Sino-Japanese region.
In this study, the chromosome number 2n=72 was estimated to be 9x, suggesting individuals with this genome set are infertile. In addition, the Japanese H. Fig. 9 . Cytogeographical distribution of intraspecific polyploidy in Houttuynia cordata. 1. Kakani, Nepal (2n=112). 2. Godawari, Nepal (2n=112). 3. Chiang Mai, Thailand (2n=72). 4. Teng Chong, China (2n=80, 2n=112). 5. Jin Tou, China (2n=72). 6. Fu Gong, China (2n=72). 7. Southern Fu Gong, China (2n=72). 8. Gong Sahan, China (2n=72). 9. Pin Bian, China (2n=128). 10. Xingxian Xiang, China (2n=72). 11. Chang Zuo, China (2n=96). 12. Yangming Shan, Taiwan (2n=96). 13. Ching Shan waterfall, Taiwan (2n=96). 14. Kochi, Japan (2n=96). cordata plants (12x, 2n=96) are reported to be malesterile; only parthenogenesis and vegetative reproduction could contribute to propagation of these plants (Okabe 1934 , Mihara 1960 . However, the polyploidy found here suggests the occurrence of sexual reproduction associated with male fertility and female meiosis at each ploidy level. In our preliminary observation of pollen fertility of 12x (2n=96) plants from Taiwan (population at Ching Shan Waterfall, Table 1 ), approximately 10% of pollen grains were successfully stained with lactophenol cottonblue, suggesting they may be fertile. In addition, the stained pollen grains varied in size, which may be ascribed to meiosis with unequal chromosome distribution. Formation of the five ploidy levels in H. cordata should be attributed to the fortuitous formation of fertile gametophytes with or without meiosis and crossing between individuals of different ploidy levels (e.g., 48 [6x, n] + 80 [10x, 2n]=128). Observations of fertility and polyploidy of gametophytes are needed to clarify the origin of intraspecific polyploidy in association with seed dispersal and range expansion of H. cordata.
Chromosome evolution in Saururaceae
The basic chromosome number of the Saururacean genera has been reported as x=22 for Anemopsis, x=9 for Gymnotheca, x=11 for Saururas, and x=12 for Houttuynia (Table 2) . However, the basic chromosome number of Houttuynia is corrected to x=8 here as described above. The evolutionary trend of basic chromosome number was mapped on a phylogenetic tree of the Saururaceae using the ACCTRAN transformation (Fig. 10) . Meng et al. (2003) presented two phylogenetic trees with inconsistent topology based on cpDNA and nDNA sequence data. However, these authors had used only Zipperia (2n=38; Piperaceae) as an outgroup for the Saururaceae, although basic chromosome numbers of the Piperaceae are variable (x=11, 13, and 19). Therefore, we discuss the evolutionary trend of basic chromosome number on the phylogenetic tree based on parsimonious reconstruction of the character state.
Based on a parsimonious comparison of the two evolutionary patterns, chromosome number evolution can be traced with fewer steps on the nDNA-based tree. In this tree (Fig. 10) , Zippelia begoniaefolia with 2n=38 (Okada 1986 ) was used as an outgroup. Based on karyo- Fig. 10 . Chromosome evolution in the Saururaceae. The phylogenetic tree was drawn following Meng et al. (2003) Okada (1986) suggested that the 2n=38 of Zippelia might originate from x=22, which is a doubling of x=11, and a subsequent disploid reduction from 2n=44 to 2n=38. Thus, the original basic chromosome number of x=19 of Zippelia would be b=11. Thus, karyomorphology suggests that x=11 is an archaic basic chromosome number in the Saururaceae. Okada (1986) also suggested that the basic chromosome number of the Piperaceae, a sister family of the Saururaceae, is x=11. Therefore, x=11 should be a symplesiomorphic character in the PiperaceaeSaururaceae clade. Polyploidization might have occurred from the basic chromosome number of x=11 to x=22, in the ancestor of the genus Anemopsis and its sister group. In the Houttuynia -Saururus -Gymnotheca clade, Houttuynia may have experienced a disploid reduction from the basic chromosome number of x=11 to x=8. The basic chromosome number of x=11 is still retained in Saururus, but a similar dispolid reduction seems to have occurred from x=11 to x=9 in Gymnotheca. Thus, Houttuynia might have a reduced basic chromosome number from x=11 to x=8, as an autoapomorphy, with subsequent intraspecific polyploidization in continental parts of eastern Asia.
